This paper describes the application of solid-phase microextraction (SPME) to cannabis testing in hair. Fifty milligrams of hair was washed with petroleum ether, hydrolyzed with NaOH, neutralized, deuterated internal standard was added and directly submitted to SPME. The SPME was analyzed by GC-MS. The limit of detection was 0.1 ng/mg for cannabinol (CBN) and AP-tetrahydrocannabinol (THC) and 0.2 ng/mg for cannabidiol (CBD). ]~HC was detected in a range spanning from 0.1 to 0.7 ng/mg. CBD concentrations ranged from 0.7 to 14.1 ng/mg, and CBN concentrations ranged from 0.4 to 0.7 ng/mg. The effectiveness of different decontamination procedures was also studied on passively contaminated hair. The proposed method is also suitable for the analysis of methadone in hair; cocaine and cocaethylene can be detected in hair with SPME extraction after enzymatic hydrolysis.
Introduction
Although hair analysis is a procedure widely performed in drugs-of-abuse testing and many papers have been published on it, few studies dealt with hair testing for cannabinoids. In fact, cannabis metabolites are scarcely incorporated in hair matrix, and 11-nor-AP-tetrahydrocannabinol-carboxylic acid (THC-COOH) detection is extremely difficult (1, 2) . A study regarding the hair incorporation rate of different drugs showed THCCOOH to be the compound with the lowest affinity for hair matrix (1) . Studies concerning detection of cannabinoids in hair reported THCCOOH concentrations ranging from 0.03 pg/mg to 0.83 ng/mg (3, 4) . As the data of Mieczkowski (3) and others have shown, even with tandem mass spectrometry (MS-MS), it is occasionally not possible to detect THCCOOH in the hair of known cannabis users. Wilkins et a]. (2) reported the undetectability of THCCOOH in hair of known cannabis users, whereas AP-tetrahydrocannabinol (THC) was detected at concentrations ranging from 0.026 to 1.1 ng/mg. Cirimele et al. (5) demonstrated the presence of the major cannabinoids, such as cannabinol (CBN), cannabidio] (CBD), and THC in the hair of cannabis users.
* This work was presented in part at the 35th TIAFT annual meeting in Padova, Italy, 1997.
The purpose of the present work was to develop a sensitive and rapid method for the detection of the main cannabinoids in hair.
Solid-phase microextraction (SPME) is a relatively new technique that allows the sampling of small amounts of substances from an aqueous medium and direct gas chromatographic-mass spectrometric (GC-MS) analysis. A fiber coated with stationary phase is dipped in the aqueous solution to be analyzed for few minutes; the fiber is then directly placed in the GC injection port in order to strip the adsorbed substances.
This support has been previously employed on the detection of water pollutants (6) (7) (8) ; in fact, it allows the detection of substances dissolved in water at parts-per-billion levels. The method has also been used to detect drugs in urine (9, 10) . SPME was chosen for the rapid analysis of different cannabinoids in hair.
One major drawback in the detection of cannabinoids in hair is passive contamination in subjects exposed to cannabis smoke in unventilated air. In order to exclude the possibility of passive contamination, several different decontamination procedures have been investigated on hair that was strongly contaminated passively.
The reliability of this technique for the analysis of other drugs such as cocaine and methadone was also evaluated.
Materials and Methods

SPME chemicals and reagents
Coated 30-pm polydimethylsyloxane fibers and the fiber holder were from Supelco (Bellefonte, PA). Combo microtube were from Hewlett Packard (Palo Alto, CA, cat. #5181-1270). AP-Tetrahydrocannabinol, THC-d3, CBD, CBN, cocaine, cocaine-d3, cocaethylene, and methadone were purchased from Radian Corp. (Austin, TX). All other reagent-grade chemicals were from Carlo Erba Reagenti (Milano, Italy).
Subjects
Positive hair samples were obtained from subjects in methadone treatment that reported cannabis use. Hair samples were cut with scissors as near as possible to the scalp in the Reproduction (photocopying) of editorial content of this journal is prohibited without publisher's permission.
posterior vertex region. The subjects provided informed consent before their participation to the study. Before the analysis, the specimens were stored at room temperature in paper envelopes. A negative-control sample was obtained from a staff member.
Preparation of contaminated hair
Aliquots (50 rag) of negative hair samples were exposed to hashish smoke in a smoking machine by burning a cigarette containing 25 mg of street hashish mixed with tobacco.
Sample decontamination
Three decontamination techniques were evaluated: A. Two washes with Tween 80 and ultrasoni~tion for 10 min, rinse, and last wash with acetone. B. Five repeated washes with 2 mL of dichlommethane and ultrasonication for 10 min. C. Three repeated washes with 2 mL of light petroleum and ultrasonication for 10 rain.
For each washing, the solvent was evaporated to dryness, reconstituted in 50 ]JL of chloroform, and 1 IJL was directly injected into the GC-MS.
Sample digestion and curve preparation
To 50 mg of washed hair, spiked with 50 ng of THC-d3 as Figure 1 . Hair from a hashish smoker extrac~d by 5PME.
Journal of Analytical Toxicology, Vol. 23, January/February 1999 internal standard (IS), was added 200 IJL of 1M NaOH. The sample was kept at 90~ for 10 min. With this method, hair was completely dissolved. The solution obtained was cooled to room temperature and, after neutralization with 6M HCI and 200 DL of phosphate buffer (pH 7.5), 200 ]aL was directly submitted to SPME. Calibration curves were prepared by spiking 50 mg of blank hair with 5, 10, 20, and 40 DL of solutions of THC, CBD, and CBN at concentration of 2.5 pg/mL and with 20 lJL of a solution of THC-d3 2.51Jg/mL in order to obtain a curve ranging from 0.25 to 0.5 to I to 2 ng of cannabinoids per milligram of hair.
For methadone detection, the same hydrolyzed alkaline hair obtained for cannabinoids analysis was used.
For cocaine and cocaethylene detection, 50-rag hair samples were decontaminated and enzymatically digested as reported elsewhere (11) . SPME sampling SPME was performed by directly dipping a 30-mm polydimethylsiloxane fiber in 200 mL of neutralized hair digest in a V-shaped microtube in order to obtain an optimal exchange surface. After a 15-rain sampling, the fiber was directly inserted in the GC injection port and stripped at 260~ for 2 min. The same fiber was reused for about 30 samplings; no carryover effect was observed for the spiked hair samples.
GC-MS
GC-MS analyses were performed with a Hewlett Packard 5890A GC with a 5971 mass selective detector. The column was a HP-5 crosslinked 5% phenylmethyl-silicone fused-silica capillary column (12 m x 0.32-mm i.d., 0.33-1Jm film thickness). The injection port temperature was 260~ and the transfer line temperature was 280~ The oven was maintained at 100~ for 2 rain, then to 200~ at 50~
and to 270~ at 15~ and held for 5 min. The mass detector operated in the selective ion monitoring (SIM) mode.
Analytes were identified using retention times and the relative abundance of two confirming ions with respect to the target. The ions that were monitored and their respective retention times for the analytes are given in Table I .
Results and Discussion
The described method has a limit of detection of 0.1 ng/mg for CBN and THC and 0.2 ng/mg for CBD in spiked hair extracts. The calibration curves showed correlation coefficients of 1.00 for THC, 0.989 for CBD, and 0.906 for CBN.
In 20 hair samples from hashish users screened after three repeated petroleum ether washes, CBD and CBN were the major analytes, at levels of 0.7-14.1 ng/mg and 0.4-0.7 ng/mg, respectively. With the present method, we detected THC in only 11 specimens at 0.1-0.7 ng/mg. The pattern of cannabinoids in various samples of street hashish analyzed in our laboratory shows, on the contrary, that THC has generally a higher concentration than CbD and CBN. The low concentration of THC in hair of hashish smokers is probably due to its pyro]itic degradation to CBN when smoked, which was also suggested by Nakahara and Sekine (12) . We have no explanation for the high concentrations of CBD.
A typical chromatogram of hair from a cannabis user is shown in Figure 1 .
The three washing experiments on highly contaminated hair showed the following results: the Tween aqueous solution removed only small amounts of cannabinoids; in this procedure only the acetone step washed out considerable amounts of contaminants, and four further washing steps were needed to completely decontaminate hair sample. On the other hand, the methylene chloride washes were completely negative after the fifth washing. When petroleum ether was used, the third wash was negative. Therefore, three consecutive petroleum ether washes were considered sufficient to completely remove a heavy external contamination. In hair samples from active cannabis smokers, only the first petroleum ether wash showed low amounts of THC, CBD, and CBN. The second and third washes were negative, thus demonstrating that no drugs were extracted from the interior by using this procedure.
The use of SPME allows the rapid and easy identification of principal cannabinoids, CBN, CBD, and THC, from decontaminated hair. THCCOOH cannot be detected through this technique because its revelation depends on the derivatization of the sample before GC-MS analysis. As some authors reported (1,2), the low incorporation rate of THCCOOH in hair makes its detection extremely difficult in this biological specimen. Our studies conducted on externally contaminated hair under the same or more extreme conditions of a typical passive exposure to hashish smoke demonstrate that external contamination can be completely removed. Hence, CBN, THC, and CBD presence in hair after a complete decontamination can be a presumption of active cannabis use. If further confirmation is needed, the same hair digest can be extracted and analyzed by GC-MS after derivatization. The amount of hair extract needed for SPME is extremely small, allowing subsequent analysis of the solution remaining after the initial analysis.
Methadone was also detected by using the proposed method in the same hair extract as used for cannabinoids analysis (Figure 2 ).
Cocaine and cocaethylene were detected by using enzymatic digestion and subsequent SPME extraction on washed hair. On ten cocaine users screened, cocaethylene was detected in only one specimen. Figure 3 shows the chromatogram of a hair sample from a heavy cocaine user.
This method can be used as a screening test for cocaine detection. To confirm the positive results, the remaining solution can be extracted and derivatized as reported elsewhere (13) for the purpose of determining the main cocaine metabolites, benzoylecgonine and ecgonine methyl ester. SPME allows the time of analysis to be reduced to few minutes. This procedure is a reliable technique for the detection of unchanged drugs (cocaine, methadone, cannabinoids, anorectic compounds) that generally do not need derivatization. Because the metabolic pattern in hair generally has a higher concentration of the parent drug, SPME can be considered a rapid method to extract drug from hair digest and thus avoid solvent extraction. It is suitable for the easy screening of drugs in hair.
The analysis of hair digests (mainly if obtained by NaOH hydrolysis) performed by SPME has demonstrated to allow a maximum of 20-30 samplings with the same fiber. The high concentration of solutes (proteins, fats, etc.) in the extract can rapidly contaminate the fibers. On the other hand, the efficiency of the fiber can be easily evaluated monitoring the chromatographic abundance of the internal standard, which would suddenly fall in case of the contamination of fiber surface. Time (rain) Figure 2 . Methadone extracted by SPME from hair of a subjed in treatment. 6.00 7.00 8,00 9,00 10,00 11.00
Time (min) Figure 3 . Cocaine and cocaethylene extracted by SPME from hair of a heavy cocaine abuser. 50000.
